1828 

AMENDMENTS TO THE DRAWING 

Appended hereto as an attachment are replacement formal drawing sheets 
to replace the drawings that was included in the published PCT application. The PCT 
drawings have been amended to delete the PCT application and publication numbers, as 
well as the designation "Substitute Sheet (Rule 26)." 

Also appended hereto are copies of the published PCT drawings showing 
in red the amendments that are reflected on the attached replacement drawing sheets. 
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REMARKS 

The substitute specification together with the amended claims and 
amended drawings place the present U.S. national phase application in better form 
for examination on the merits. 

Also attached hereto is an Abstract of the Disclosure presented on a 
separate sheet in conformity with the rules of practice. 

Based upon the specification, drawing, and claim amendments to this 
national phase application, it is believed that the amended specification, the amended 
drawing, and the amended claims conform with U.S. formal requirements. 

Additionally, the amended claims as hereinabove presented conform in 
substance with the corresponding amended claims that were examined in the 
international application. And based upon the acceptance by the International 
Preliminary Examining Authority of the invention as it was claimed in the amended 
claims that were presented in the international application as meeting each of the 
novelty, the inventive step, and the industrial applicability criteria set forth in the Patent 
Cooperation Treaty, the claims as amended above are believed to conform with both 
U.S. formal and U.S. substantive requirements, and they are therefore believed to be 
in allowable form. Accordingly, an early Notice of Allowance is in order and is 
respectfully solicited. 

Should the examiner have any question after considering this Preliminary 
Amendment, he is cordially invited to telephone the undersigned attorney so that any 
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such question can be quickly resolved in order that the present application can 
proceed toward allowance. 



Respectfully submitted, 



December 24, 2005 




4729 Cornell Road 
Cincinnati, Ohio 45241 
Tel.: (513) 469-0470 

Attachments: Attachment A 

Attachment B 
Abstract of the Disclosure 
Annotated drawing sheets showing changes 
Replacement drawing sheets including the changes 
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MP29 Bsc'd PCT/FTO 23DEC 2009 

ATTACHMENT B 

SUBSTITUTE SPECIFICATION 

(Showing All Changes Made to the Specification in Published International Application 

No. PCT/SE2004/001019, Publication No. WO 2005/001361 A1) 

IMPROVED HEAT CONDUCTOR SUPPORT DISC 

BACKGROUND OF THE INVENTION 
Tochnica l F ie ld of tho Invont i on 

FIELD OF THE INVENTION 

The present invention relates to the field of heating elements for industrial 
furnace applications, and in particular to an improved heat conductor support disc for 
use in a heating element. 
Background of th e I nv e nt i on 

DESCRIPTION OF THE RELATED ART 

In industrial furnaces employed in the processing of materials and products at 
high temperatures, electrical heating elements are positioned and supported by 
ceramic discs. Typically, the heating resistor elements or heat conductors are inserted 
through apertures in the discs. In such discs, a centre center aperture for a supporting 
element is located on a symmetrical axis in the contro center of the disc. Apertures for 
heat conductors are provided uniformly distributed on at least one circle coaxial with a 
respective disc centr e center . During service such discs tend to break due to thermal 
stresses induced in the disc. 

The prior art can be exemplified by US-B1 5,543,603, which hereby is 
incorporated by reference. This US patent shows discs as described above. 
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Summary of th e Invontion 

The An object of the present invention is to provide a ceramic heat conductor 
support disc for supporting electrical heating elements for heating furnaces, which 
discs have a much lower tendency to break due to thermal stresses. 

SUMMARY OF THE INVENTION 

Thus, the The present invention r e f e rs relates to a ceramic heat conductor 
support disc for supporting an electrical heating element for electrically heated furnace 
installations , said . The support disc hav i ng has a c e ntre center aperture lying parallel 
to the longitudinal axis of the heating element^ and one or more apertures located 
between said c e ntre center aperture and the periphery of the disc , and i s 
charact e riz e d i n, that th e . The disc is provided with one or more elongated openings 
running from said periphery to one of said apertures, where each elongated opening 
penetrates the whole thickness of said disc. 

It is another object of the present invention to provide a heat conductor support 
disc which allows higher energy rates to the elements. 

It is still another object of the present invention to provide an improved heat 
conductor support disc for use at higher temperatures. 

It is yet another object of the present invention to provide a heat conductor 
support disc with improved properties at higher thermal cycling rates. 



Short Descr i ption of th e Drawings 

BRIEF DESCRIPTION OF THE DRAWINGS 
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The structure, operation, and advantages of the present invention will become 
further apparent upon consideration of the following description, taken in conjunction 
with the accompanying drawings in which: 

- Figures 1A and 1B shows a v i ow show plan and cross-sectional views, 
respectively, of a first embodiment of a ceramic disc according to the present 
invention; 

- F i gur e Figures 2A and 28 shows a vi e w show plan and cross-sectional views, 
respectively, of a second embodiment of a ceramic disc according to the present 
invention; 

- F i gur e Figures 3A and 38 shows a vi e w show plan and cross-sectional views, 
respectively, of a third embodiment of a ceramic disc according to the present 
invention; 

- F i gure Figures 4A and 48 6 hows a v i ew show plan and cross-sectional views, 
respectively, of a fourth embodiment of a ceramic disc according to the present 
invention ; and 

- F i gur e Figures 5A and 58 shows a v ie w show plan and cross-sectional views, 
respectively, of a fourth embodiment of a ceramic disc according to the present 
invention. 

I n the r e sp e ctiv e figur e F i gur e s A i s a p l anar v ie w and B i s a cross s e ct i on of 
th e r e sp e ctiv e d i scs. 
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Dota il od D e scr i ption of th e I nvent i on 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In f i gure Figure 1A a ceramic heat conductor support disc 1 for supporting an 
electrical heating element for electrically heated furnace installations is shown in a 
p l anar plan view. Said support disc 1 has a c e ntre center aperture 2 lying parallel to 
the longitudinal axis of the disc. Further, the disc 1 is provided with one or more 
intermediate apertures 3 and 6 located between said c e ntr e center aperture 2 and the 
periphery 4 of the disc. The apertures can be circular or can be of another shape A 
such as an elliptical ap e rtur e / aperture such as aperture 15 !-see shown in Figure 5A. 

The periphery 4 can have a wave shape , as shown, or another shape such as 
circular. 

According to the invention the disc 1 is further provided with one or more 
elongated openings 5 running from said periphery 4 through one of said apertures 6. 
The elongated opening penetrates the whole thickness of said disc 1. 

The An electrical heating element is supported by two or more discs 1 located 
in a row after each other, where the heating element runs through the said apertures. 

The disc 1 is typically made of pure oxides or a mixture of oxides of the 
elements Al, Si, Mg, Zr A and/or Y, nitrides^ respectively borides of the elements Si 
and/or T\ x or other suitable heat resistant ceramic materials. 

A preferred embodiment can comprise 40- 100 w ei gth weight -% Al 2 0 3 and 60 - 
0 % Si02 plus some additives, such as for promoting the process when the disc is 
sintered. 
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The elongated opening and/or openings can be produced by pressing, sawing 
or extruding processes before or after firing. 

Typically the heating element has a temperature that is higher than the 
temperature of the furnace when operated. When the furnace is turned off, the 
temperature of the heating element will decrease to about the furnace temperature. 
There are such applications where the furnace is cyclically turned on and off, i.e. A 
exposed to extremely high cyclic thermal stress. There are also applications where 
the elements are operating continuously, where extremely high cyclic thermal stress 
occurs during^ e.g. , the changing of elements. 

By In accordance with the invention it is obta i nod, that mechanical stresses that 
are induced thermally, when the disc is heated to its operating temperature 1 and those 
that are induced when the temperature of the disc varies, will not reach the critical 
value for initiating a crack starting from the periphery of the disc and running inwardly. 

The maximum value of such stresses is limited by means of the presence of the 
elongated opening 5, which g i v e s results in that the thermally induced tensile stresses 
at the periphery will be limited. 

According to a preferred embodiment of the invention the length of said 
elongated opening 5 is limited to the maximum radius of the disc 1 . 

According to one embodiment said elongated opening runs along a radius of 
said disc 1 , as illustrated in figur e Figures 1 A and 3A by the openings 5 and 7. 

According to an alternative embodiment^ said elongated opening runs in 
another direction than along a radius of said disc 1, as illustrated in figur e Figures 2A 
and 4A by the openings 8, 9. 
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According to another preferred embodiment the width of the elongated opening 
5, 7, 8, 9 is limited to the diameter of the aperture 6, 2, 10 A and 1 1 in which it ends. 

As is shown in figur e Figures 2A and 4A X the elongated oponing openings 8, 9 
may can well run through apertures 12, 13, 14 

According to still another preferred embodiment^ the elongated opening has the 
same width, or a width that varies, over the length of the elongated opening. 

According to yet another preferred embodiment^ said elongated opening ends in 
the center aperture 2, as illustrated in Figures 1 A and 2A. 

According to yet another embodiment of the invention^ there are two or more of 
said elongated openings 16, 17 in the disc 1 as illustrated in figur e Figure 5A. 

In figur e Figure 5A it is i ll ustrat e d shown that the holes 3 can be asymmetrically 
located^ as well as that the two elongated openings 16, 17 can be directed in different 
directions. The ho le s apertures 3 can be concentrated to one side of the disc, thereby 
concentrating the radiation in that direction. 

Since there is one or more elongated openings in said disc, values relating to 
the maximum mechanical stress for a disc 1 of the present invention are in a range of 
no more than 50 - 70% of the stress in a disc of the state of the art. 

In addition the mechanical strength has different values in different directions, 
which is of importance for the positioning of the disk in the heating application. It is 
therefore advantageous to place the different discs, located one after the other along 
the length of the heating element, such that the discs are rotated so that the elongated 
op e n i ng openings of the respective d i sc points discs point in different radial directions. 

Although particular embodiments of the present invention have been illustrated 
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and described, it will be apparent to those skilled in the art that various changes and 
modifications can be made without departing from the spirit of the present invention. It 
is therefore intended to encompass within the appended claims all such changes and 
modifications that fall within the scope of the present invention. 
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C l a i ms 

What is claimed is: 
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